Abstract. Large-eddy simulations of shear-free stratocumulus-topped layers tend strongly toward a two-layer structure as the negative area in the buoyancy flux profile that would be necessary to maintain a mixed layer increases to more than 10% of the positive area. In addition to identifying a threshold for what amounts to a convective transition, the simulations provide further evidence that a commonly used entrainment closure is ill-founded. Lastly the simulations demonstrate that attempts to formulate a similarity theory for convective layers must account for the geometry of the buoyancy-flux profile, and not simply its integral.
Introduction
In attempting to understand the dynamics of the stra-
tocumulus-topped planetary boundary layer (hereafter the STBL), an interesting (and important) question that arises
is under what conditions does the STBL decouple from the surface. While the actual term "decoupling" enjoys varied usages in the literature, here we use it in its weakest sense, namely in the sense of it being associated with an initially well-mixed STBL, which despite being strongly forced in some integral sense, tends toward a two-layer structure. For the sake of simplicity our discussion will be further limited to non-precipitating cloud layers with any net radiative flux divergence confined to a vanishingly thin region near cloud top, as is characteristic of nocturnal stratocumulus.
Interest in decoupling in this sense is motivated by sim- The basic argument has two parts. First, mixed-layer theory demands that if increased turbulence production by buoyancy leads to increasing entrainment warming, as surface latent-heat fluxes increasingly dominate the energetics the cloud-base buoyancy fluxes must become negative (and Copyright 2000 by the American Geophysical Union.
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0094-8276/00/1999GL011257505.00 then increasingly so) to maintain a mixed layer. Second, it is hypothesized that (for given boundary forcings) if the cloudbase buoyancy fluxes necessary to maintain a well mixed layer become too negative, the layer will decouple. Physically the critical hypothesis is that there is a limit to the amount of heat originating from entrainment that can be mixed through the cloud layer into the subcloud layer. Attempts to mix more heat into the subcloud layer will result in decoupling, wherein the cloud layer warms relative to the subcloud layer.
To be quantitative the buoyancy-flux integral ratio is introduced [Turton and Nicholls, 1987] Although our primary contribution is to answer this question using idealized three-dimensional numerical simulations with relatively high resolution (i.e., a factor of 2-5 higher than the previous two-dimensional simulations), some in- 
This relationship is the basis for the contention that over the World Ocean Fqt is very important in determining the buoyancy flux in stratiform clouds indeed for the buoyancydriven STBL Fqt > 0 is a necessary condition for Fo,, to change sign at cloud base.
As has previously been discussed [Nicholls, 1984] allere w. is the value implied by a mixed layer model given the specified boundary forcings.
Calculations
Our goal is to explore decoupling, and its relationship to 7• by using large-eddy simulation in a very simple context. (A typical eddy turn-over time •-is 750-1000s.)
We have performed a large number of simulations, however our main points can be made by focusing on only the small subset summarized with the help of Table i Yet further tests were made to see whether the tendency toward decoupling as a function of 7• was simply an artifact of our chosen boundary conditions. Our preliminary analysis of a sequence of similar simulations, but with both relatively more buoyancy production and consumption, indicates that the primary sensitivity is to the value of 7E and that given some minimal amount of turbulent-kinetic-energy production the net production is not a primary factor in the tendency toward decoupling in the shear-free STBL.
Conclusions
In summary we have shown that the shear-free STBL is unable to remain well mixed for 7E > 0 and that there is a pronounced development of a two layer structure for 7E > 10 %. In mixed layer theory the entrainment flux is often specified as that necessary to maintain 7E at a certain value (typically 20%) [Schubert, 1976; Kraus and $challer, 1978] . Our results indicate that such an approach is not warranted; demanding such large values of 77. is incompatible with the maintenance of a mixed layer.
Our results also provide a rational basis for distinguishing between convective regimes in parameterizations of the STBL. For instance in GCMs (such as the unified model of the UKMO) in which different boundary layer regimes are identified and then modeled in a way peculiar to their respective dynamics, the use of 7•.
• 10 % appears to be a rational basis for distinguishing well-mixed stratocumulus regimes from cumulus-coupled, or cumulus-understratocumulus regimes.
Lastly our results emphasize that mixed-layer (w.) scaling is not broadly applicable, but rather is an artifact of universality in the buoyancy flux profile in the convective boundary layer. Efforts to develop a similarity theory valid for the STBL must account for the varied geometry of the buoyancy flux profiles in such layers.
